Abstract. The objective of our study was to define a neural network for predicting recurrence and progression-free probability in patients affected by recurrent pTaG3 urothelial bladder cancer to use in everyday clinical practice. Among all patients who had undergone transurethral resection for bladder tumors, 143 were finally selected and enrolled. Four followups for recurrence, progression or survival were performed at 6, 9, 12 and 108 months. The data were analyzed by using the commercially available software program NeuralWorks Predict ® . These data were compared with univariate and multivariate analysis results. The use of Artificial Neural Networks (ANN) in recurrent pTaG3 patients showed a sensitivity of 81.67% and specificity of 95.87% in predicting recurrence-free status after transurethral resection of bladder tumor at 12 months follow-up. Statistical and ANN analyses allowed selection of the number of lesions (multiple, HR=3.31, p=0.008) and the previous recurrence rate (≥2/year, HR=3.14, p=0.003) as the most influential variables affecting the output decision in predicting the natural history of recurrent pTaG3 urothelial bladder cancer. ANN applications also included selection of the previous adjuvant therapy. We demonstrated the feasibility and reliability of ANN applications in everyday clinical practice, reporting a good recurrence predicting performance. The study identified a single subgroup of pTaG3 patients with multiple lesions, ≥2/year recurrence rate and without any response to previous Bacille Calmette-Guérin adjuvant therapy, that seem to be at high risk of recurrence.
Introduction
Urothelial carcinomas (UC) of the urinary bladder, described as non-invasive high-grade urothelial bladder cell carcinoma (pTaG3) at pathological analysis, have a frequency rate ranging from 2.9 to 18.0% (1-4) with recurrence and progression to muscle-invasive disease rate ranging from 65 to 85% (1, 3, 4) and 20 to 25% (2), respectively. No single standard prognostic factor can correctly predict the natural history of this type of bladder tumor and be used to plan a correct follow-up schedule for these patients (5) . Furthermore, no evidence exists that an aggressive treatment is always useful in all patients with pTaG3 bladder cancer, particularly in terms of quality of life (6, 7) . To increase understanding of urothelial bladder cancer biological behavior, many groups of potential molecular markers and quantitative morph metric methods have been described (8, 9) . The lack of pathological and clinical methods to predict disease recurrence or progression has led to search for methods that combine existing clinical, pathological and laboratory data with complex mathematical models. For this reason, Artificial Neural Networks (ANNs) (10) have been introduced into clinical practice, reporting a good performance for predicting the postoperative outcome in patients with cancer (11) . However, to date the ANNs have only been used rarely in urological oncological diseases (12) (13) (14) (15) (16) . In a previous study, we demonstrated that the use of ANNs in bladder cancer outcome patient evaluation provides for valid support in follow-up and treatment schedule planning with an overall accuracy of 88.43% (17) . The aim of the present study was to define a neural network for predicting recurrence and progression-free probability in patients with recurrent pTaG3 urothelial bladder cancer, developed in accordance with the results of univariate and multivariate analyses.
Materials and methods
Study design. All consecutive patients who had undergone transurethral resection of bladder tumor (TUR-BT) at the same Urologic Unit, between November 1993 and December 1996, were recruited for the study. Each patient underwent a follow-up schedule, according to the international guidelines (18) . Moreover, during the TUR-BT, a bladder mucosa mapping around the tumor was also carried out, in order to evaluate the presence of associated carcinoma in situ (Cis).
Eligibility for the study. All patients who reported the presence of cystoscopically demonstrated bladder tumors were selected for the study. All patients with a history of UC (19) .
Clinical follow-up data collection and analysis. The mean follow-up was 108 months (ranging from 91 to 149 months).
Recurrence was determined on the basis of papillary formations protruding into the bladder lumen and detected by cystoscopy or the presence of neoplastic tissue diagnosed after vesical biopsy. The recurrence rate was defined as the ratio of the number of recurrences on the total follow-up period (recurrences/years). The time to the first recurrence was defined as the time from randomization to the date of the first recurrence. Progression was defined as the increase in tumor stage. The follow-up results at 6, 9 and 12 months from TUR-BT and at the end of follow-up period (mean 108 months) were recorded and used for univariate, multivariate and ANN analyses. The follow-up at 3 months after TUR-BT was recorded but not included in univariate, multivariate and ANN analyses, because an incomplete resection, implantation at traumatized sites in the bladder or rapid growth of epithelial malignancy are responsible for the higher recurrence rate of superficial UC after TUR-BT at 3 months (20) , even if several authors have suggested that a recurrence at 3-month follow-up is an important prognostic factor for predicting progression in high-grade bladder tumors (21) .
Statistical analysis.
Pearson's coefficient was adopted to evaluate the correlation between the different parameters in all patients, and Fisher's exact test was used to assess statistical significance with p<0.05 accepted as significant. Two-side tests of significance were performed for all analyses. Bonferroni's correction was also used. The ANOVA test was used for univariate analysis and the log-rank test (Mantel Cox) for multivariate analysis. The Cox proportional hazard regression model was also used for calculating the hazard ratio (HR) with the 95% confidence interval (95% CI). Ninety-five percent confidence intervals were calculated for the probability of surviving for the Kaplan-Meier estimates.
The receiver operating characteristic curve (ROC) was used to discover the best cut-off value, in the ANN analysis. The efficacy of the ANN for predicting recurrence and progressionfree probabilities in pTaG3 patients were tested with accuracy, sensitivity, specificity, positive predictive value and negative predictive value. Root Mean Square error was also used to evaluate the error between corresponding pairs of values in two series of values. Smaller Root Mean Square error values are better. The ANN methodology and data analysis will be described in detail below. All statistical analyses were performed using SPSS 11.5 for Apple-Macintosh (SPSS, Inc. Chicago, IL).
Artificial Neural Network. The impact of 9 factors on recurrence-free status at 12 months was studied. The factors finally included in the ANN analysis were: sex (male or female), age (<65 or ≥65 years), previous histopathological data (pTaG1, pTaG2 or pTaG3), previous recurrence rate (1 recurrence/year, 2 recurrence/year, 3 or more/year), response to previous Bacille Calmette-Guérin adjuvant therapy (yes or no), number of lesions (single or multiple), size of lesions (1,2,3,4,5 or more), presence of tumorassociated inflammatory reaction (yes or no) and adjuvant therapy after TUR-BT (yes or no). Two factors (associated Cis and type of previous adjuvant chemotherapy) were excluded from the ANN construction and analysis due to a limited number of patients with associated Cis or who had undergone previous adjuvant chemotherapy. The patients were defined as having response to previous Bacille Calmette-Guérin adjuvant therapy if the recurrence did not occur within 6 months of starting BCG treatment, according to Herr and Dalbagni (22) . ANN setup was carried out by using the commercially available software program NeuralWorks Predict ® (NeuralWare, 2005, Inc., Carnegie, PA, USA). The 9 factors were finally used as input parameters (input neuron) to ANN. All characteristics of the ANN structure are the same as described in our previous study (17) . Of all selected patients, 100 (69.9%) were used to train the system, while 43 (30.1%) were used for the testing phase. After the training phase, no retraining of the network was permitted. In this study we did not perform a standard logistic regression (LR) for comparing these results to those of the ANN analysis, because the majority of authors have already demonstrated that ANN analysis gives rise to more accurate results than LR or other standard statistical analysis (15, 16) .
Results
One hundred and forty-three consecutive recurrent pTaG3 patients were finally enrolled. Of all the enrolled patients, 116 were male (81.1%) and 27 female (18.9%). Patient ages ranged from 46 to 88 (mean, 67.8 years). The patient and tumor characteristics are described in Table I .
Follow-up results. At 6 and 9 months after TUR-BT, the patients alive without recurrence were 110 (76.9%) and 80 (55.9%), respectively. Fifty-five patients (38.4%) were alive without any evidence of recurrence at mean 12 months follow-up, 86 (60.1%) were alive with at least one recurrence, while two died of unrelated causes. Among all recurrent patients, only 3 reported a progression to invasive disease: 3 to pT1 (time to progression 6, 7 and 11 months). Among all enroled patients, 122 (85.3%) were still alive at mean 108 months follow-up, while 21 (14.7%) had died. Among deceased patients, 12 out of 21 died of disease progression at mean 10.6 months from TUR-BT, while 9 died owing to unrelated reasons. Overall, 120 out of 143 (83.9%) patients had at least one recurrence during the follow-up period; 39 patients had only one recurrence (32.5%), while 81 two or more recurrences (67.5%). The mean time to first recurrence was 13 months (ranging from 5 to 31 months). The recurrence rate mean was 2 per year (ranging from 1 to 4 per year). Among the 120 patients that reported at least one recurrence, 42 (35.0%) had progression to invasive disease: 35 to pT1 (83.3%) and 7 to pT2 (16.7%). Patients with progression to pT2 underwent radical cystectomy with urinary diversion, while those with pT1 underwent TUR-BT or radical cystectomy according to patient and tumor characteristics. The mean time to progression was 12 months (ranging from 5 to 21 months).
Univariate and multivariate analyses. Univariate analysis did not recognize any prognostic factors to use in predicting recurrence or progression probability in pTaG3 lesions. Multivariate analysis, however, selected the previous recurrence rate (number of recurrences per year) (p=0.003) (2 recurrence rate per year, HR=4.78, 95% CI 3.12-6.23) and the number of lesions (p=0.008) (multiple, HR=3.31, 95% CI 2.36-3.85) as independent determinants for predicting recurrence. In addition, the presence of tumor-associated tissue inflammatory reaction (p=0.043) (tumor without inflammation, HR=2.89, 95% CI 2.10-4.92) was identified as an independent prognostic factor in predicting recurrence (Table II) .
Artificial Neuronal Network analysis. The use of ANN in pTaG3 patients allowed a sensitivity of 81.67% and specificity of 95.87% in predicting recurrence-free status after TUR-BT at 12 months follow-up (positive predictive value, 98.2% and negative predictive value, 92.3%). The area under the ROC curve was 0.816 (Fig. 1) . All diagnostic parameters affecting output decision used for construction of ANN are shown in Table III . ANN analysis reported a high correlation between expectant and observed data (test phase: Pearson's coefficient, 76.74 -Root Mean Square error, 1.38; train phase: Pearson's coefficient, 79.53 -Root Mean Square error, 1.29). The small difference between Pearson's coefficient values in different phase, suggests that the model generalizes well and that it is likely to make accurate predictions when it processes new data, as described in the instruction manual of NeuralWorks Predict. Moreover, ANN analysis allows a prediction with an overall accuracy of 83.63% (Fig. 2) and the selection of the number of lesions, the previous recurrence rate and the response to previous Bacille Calmette-Guérin adjuvant therapy as the most influential variables affecting the output decision in predicting the natural history of pTaG3 urothelial bladder cancer.
Discussion
In the present study, we developed a simple and rapid method to apply ANN multi-factorial analysis to management of UC of the urinary bladder, by using only common prognostic ONCOLOGY REPORTS 18: 959-964, 2007 Table I. The patient and tumor characteristics and adjuvant intravesical therapy in 143 recurrent pTaG3 enrolled patients.
-------------------------------------------------Patient characteristics -------------------------------------------------No. of patients 143
Sex Male 116 Female 27
Median age (years) 67.8±7.67 The table describes -- ----------------------------------------------- factors that are used in every day urological clinical practice. We analyzed the results of the standard prognostic factors, in a group of 143 patients affected by recurrent pTaG3 bladder cancer, by using a long-term follow-up period (mean 108 months). The resulting data at a long-term follow-up were used to identify the most influential variables affecting the output decision in predicting the natural history of pTaG3 urothelial bladder cancer and the ANN creation for predicting the recurrence risk at 12 months follow-up. We have considered data at 12 months of follow-up as indicative of a realistic predictive patient outcome, due to the fact that the higher recurrence rate of pTaG3 patients is during the 
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------------------------------------------------
----------------------------------------------------------------------------------------------------
) -----------------------------------------------------------------------------------------------------
Univariate and multivariate analysis results of factors affecting recurrence risk in all enrolled patients at 12 months follow-up. a HR, hazard ratio; b 95% CI, 95% confidence interval; c BCG, Bacille Calmette-Guérin.
-
first year after TUR-BT (18) . By using multivariate analysis, we demonstrated that, among all standard clinical and pathological variables, only the previous recurrence rate (p=0.003), the number of lesions (single or multiple) (p=0.008) and the number of recurrences (p=0.011) are independent factors in predicting recurrence risk. These data are in agreement with other reports (7, 18, 20) . Furthermore, the presence of tumor-associated tissue inflammatory reaction (p=0.04) can be identified as an independent factor, as reported (19) . The ANN led to a recurrence probability prediction in pTaG3 patients with an accuracy of 83.63%, allowing a more correct and appropriate recurrence risk group stratification. ANN analysis also allowed identification of the number of lesions, the previous recurrence rate and the response to previous Bacille Calmette-Guérin adjuvant therapy as the most influential variables affecting the recurrence risk of pTaG3 urothelial bladder cancer. The number of recurrences and the presence of tumor-associated tissue reaction that have been described as independent prognostic factors in multivariate analysis, have not been identified as independent factors in ANN analysis either. The reason for this difference could be determined by a different impact that each factor has in each statistical or mathematic analysis. The different independent prognostic factor identifications, reported by mathematic analysis (ANN) and by statistical analysis (multivariate analysis), stress the fact that in urothelial bladder tumor natural history and its - ----------------------------------------------------------------------------------------------- ----- follow-up decision making we must use different approaches, due to the fact that tumor recurrence or progression is related to a complex network of independent variables. ANN, from this point of view, is able to analyze a non-linear relationship, by using multiple layers of interconnected nodes, and achieve more accurate results (13) . The previous histopathological data results do not seem to have a significative prognostic role in the determination of recurrencefree survival prediction in pTaG3 patients. Among all recurrent pTaG3 patients, only this type of patient could benefit from a follow-up with strict observations, as proposed by Sylvester et al (2) . From this point of view, the follow-up schedule will not only be planned on the basis of histopathological result but also on that of the complex interconnections between all clinical and pathological variables. For this reason, only the small number of pTaG3 patients who reported the above described characteristics will undergo rigorous follow-up with frequent and invasive instrumental diagnostic methods. The choice to include in this study only patients with pTaG3 at histopathological analysis is due to the fact that, even if they have a low frequency rate (1-4), they have more uncertain clinical and biological behavior that, in half of them, must be treated aggressively as invasive high-grade urothelial carcinoma (23) . Moreover, as also highlighted by Sylvester et al, pTaG3 patients are a group, who are subjected to considerable histological misclassification, with a high rate of under-staging and under-treatment (2) . The high number of pTaG2 (51.7%) at the previous histopathological evaluation could stress this feature. In addition, the use of a multiple factor can also reduce error in follow-up decision making for a population of patients. This study represents encouragement to follow the direction of the use of mathematical applications in everyday clinical practice, for improving the management of cancer patients, even if, as Catto et al underlined, 'the scientific community remains skeptical of ANN' (24) .
We demonstrated the feasibility and reliability of ANN applications in everyday urologic practice, reporting a good accuracy in addition to good recurrence predicting performance. The study identified also a single subgroup of pTaG3 patients that seem to be at high risk of recurrence.
